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Abstract

This study investigates the anticancer potential of Pyrogallol, focusing on its effects on cell viability,
cell culture, docking analysis, and anticancer activity through fold change measurements. Pyrogallol,
a naturally occurring phenolic compound, exhibits significant biological activity, including anticancer
properties. This research highlights its therapeutic efficacy against specific cancer cell lines. The
methodology involved culturing cancer cells under controlled conditions, followed by treatment with
varying concentrations of Pyrogallol. Cell viability assays were conducted using the MTT method to
evaluate cytotoxicity. Additionally, molecular docking was performed to analyze the binding
interactions of Pyrogallol with target proteins implicated in cancer pathways, revealing strong affinity
and specificity. Results demonstrated a dose-dependent reduction in cancer cell viability, indicating
Pyrogallol's cytotoxic effects. Docking analysis revealed key interactions with critical residues in
cancer-related proteins, supporting its mechanistic role in inducing apoptosis. Anticancer activity,
measured by fold change in gene expression, confirmed significant upregulation of pro-apoptotic
markers and downregulation of survival-associated markers. The findings underline Pyrogallol's
potential as an anticancer agent with promising therapeutic implications. This comprehensive approach
combining In vitro assays and computational analysis provides a foundation for future studies to explore
Pyrogallol's clinical applications in cancer treatment.
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Introduction anticancer properties [1]. This compound has
demonstrated significant cytotoxicity across a
wide range of malignancies, by targeting
cellular pathways and mechanisms. Pyrogallol
emerges as a promising candidate in cancer
therapeutics, with studies revealing its ability to
mediate cell cycle arrest, induce apoptosis, and
modulate signaling cascades critical to

Cancer remains one of the leading causes of
mortality worldwide, driving an unrelenting
search for innovative, effective, and less toxic
therapeutic options. Among natural bioactive
compounds, Pyrogallol, a polyphenolic
substance derived from diverse natural sources,
has gained increasing attention for its potent
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tumorigenesis [2]. One of the most notable
applications of Pyrogallol lies in its activity
against Hepatocellular carcinoma. Research
reveals that Pyrogallol effectively induces S-
phase arrest in Hepatocellular carcinoma cell
lines such as Hep3B and Huh7 by
downregulating key cell cycle regulators,
including Cyclin D1, Cyclin E, and c-Myc,
while enhancing the expression of tumor
suppressor proteins like p27. This activity is
mediated via the miR-134 axis, which plays a
pivotal role in inhibiting the
PI3K/AKT/Skp2/c-Myc pathway, a critical
signaling cascade in cancer progression.
Moreover, the inhibition of miR-134 reverses
Pyrogallol's effects and its importance in the
compound's antitumor mechanisms [3]. The
utilization of nanotechnology to enhance the
efficacy of Pyrogallol has opened new avenues
in cancer treatment. For instance, Pyrogallol
capped silver nanoparticles (py-AgNPs)
synthesized using Acacia nilotica extract
exhibit enhanced antibacterial and anticancer
activities. These nanoparticles demonstrate
significant cytotoxicity in Gastric
adenocarcinoma (AGS) cells, induce apoptosis,
and inhibit biofilm formation of Helicobacter
pylori. Characterization studies indicate
optimal  particle  size, stability, and
biocompatibility, making py-AgNPs a
promising tool for developing nanomedicine to
combat gastric cancer and infections [4].
Another advancement was the encapsulation
of Pyrogallol in nano capsules (Na-Pyr),
improving its stability, bioavailability, and
therapeutic efficacy. Studies have shown that
Na-Pyr effectively induces apoptosis in
ovarian, colorectal, and pancreatic cancer cells
by modulating apoptotic pathways and
enhancing oxidative stress. These findings
underline the potential of nanotechnology in
overcoming the limitations of conventional
Pyrogallol delivery systems. Colon cancer is
one of the most aggressive cancers, with high
mortality rates. Pyrogallol has demonstrated
significant tumor-suppressive effects in in vivo

models of colon cancer, reducing tumor size
with minimal toxicity. By comparison, its
efficacy matches standard chemotherapeutics
like doxorubicin, but with reduced side effects,
making it a safer alternative [5]. Similarly, in
non-small cell lung carcinoma (NSCLC),
Pyrogallol disrupts tumor progression by
modulating glycolysis and the STAT2
signaling pathway. This dual-action approach
impacting both metabolic and apoptotic
pathways position Pyrogallol as a versatile
anticancer agent [6].

Pyrogallol exhibits selective cytotoxicity
against Neuroblastoma cells while sparing
cortical neurons at lower concentrations. This
specificity was attributed to its ability to reduce
antioxidant enzyme levels, increasing oxidative
stress selectively in cancer cells. Such
properties highlight its potential as a targeted
therapeutic agent, minimizing collateral
damage to healthy tissues [7]. In Prostate
cancer, Pyrogallol from Spirogyra neglecta
inhibits proliferation and promotes apoptosis
by disrupting the Akt/GSK-3p/B-catenin
signaling pathway. This activity revealed its
relevance in managing cancers resistant to
traditional hormonal therapies. Moreover, its
ability to downregulate anti-apoptotic proteins
and enhance pro-apoptotic signaling makes it a
valuable asset in combating aggressive and
treatment-resistant forms of cancer [8]. This
study aims to analyse the role of Pyrogallol as
an anti-cancer agent reducing cell proliferation
in lung cancer cells via AKT/PI3K signaling
pathways through In vitro and in silico
approaches.

Materials and Methods
Plant Extract Preparation

Pyrogallol was collected from the Botanical
Park in Tamil Nadu, India. The samples were
washed three times with double-distilled water,
then shade dried and preserved. Once dried, the
samples were ground into a fine powder.
Approximately 1000 g of Pyrogallol powder
was extracted using 500 ml of ethanol over a



period of three days, with intermittent shaking
to ensure thorough extraction of the
constituents. The resulting extract was filtered
using Whatman filter paper (Merck). This
extraction process was repeated three times to
achieve near complete extraction of all soluble
components. The filtrates from all three
extractions were then combined and
concentrated by evaporating the solvents using
a rotary vacuum evaporator. The final extract
was stored at 4°C until further use.

Antioxidant Activity

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) Free
Radical Scavenging Activity

The scavenging of DPPH radicals was
evaluated using the method described by
Yasoth Kumar et al. (2023) [9]. Briefly, 1.0 ml
of DPPH solution was added to 1.0 ml of plant
extracts at various concentrations (100, 200,
300, 400, and 500 pg/ml). The mixture was
then left at room temperature for 50 minutes,
and the activity was measured at 517 nm.
Ascorbic acid, at the same concentration range
(200, 200, 300, 400, and 500 pg/ml) was used
as a standard. The ability to scavenge DPPH
radicals was calculated using the following
formula:

DPPH radicals scavenged (%) = Control OD
— Sample OD/Control ODx100

Anti-Inflammatory Activity
Albumin Denaturation Assay

The anti-inflammatory activity of the plant
extract was evaluated using the albumin
denaturation inhibition method, based on the
protocol, with minor modifications [10]. The
reaction mixture consisted of the test extracts
and a 1% aqueous solution of Bovine albumin.
The pH of the mixture was adjusted using a
small amount of 1N HCI. The plant extracts, at
concentrations ranging from 100 to 500 pg/ml,
were incubated at 37°C for 20 minutes,
followed by heating at 51°C for an additional
20 minutes. After cooling, the turbidity of the
samples was measured at 660 nm using a UV-

Visible Spectrophotometer (Model 371, Elico
India Ltd). The experiment was conducted in
triplicate, with Diclofenac used as the standard
anti-inflammatory drug.

Additionally, 100 pL of Bovine serum
albumin was mixed with 100 pL of Pyrogallol
extract at varying concentrations (100-500
pg/ml) and incubated at room temperature for 5
minutes. The reaction was halted by the
addition of 250 pL of trypsin, followed by
centrifugation. The supernatant was collected,
and absorbance was measured at 210 nm.

Calculation: % Inhibition = Absorbance of
control -Absorbance of sample)/Absorbance of
control*100

Cell Culture

Human lung cancer cells (A549) were
obtained from NCCS, Pune, India. The cells
were regularly passaged and cultured in a CO2
incubator using a culture medium that consisted
of 10% Fetal bovine serum (FBS), 1%
penicillin-streptomycin antibiotic solution, and
DMEM media from Himedia.

Cell Viability by MTT

This study investigated the
cytocompatibility of the natural compound
Pyrogallol against the A549 cell line using
MTT and trypan blue assays [11]. A population
of 1x10* cells was seeded and incubated
overnight. After incubation, MTT reagent was
added, and the resulting crystals were dissolved
using DMSO. The absorbance was then
measured at 590 nm.

Gene Expression by Real Time-PCR

Ab549 cells were seeded at a density of 5 x
10¢ cells per well in a 6-well plate. After
overnight incubation, RNA extraction was
performed using Total RNA Isolation Reagent
(TRIR) from Abgene, UK. The concentration
of the extracted RNA was determined through
spectrophotometric quantification, measured in
micrograms (ug). Subsequently, 2 ug of total
RNA was reverse transcribed into cDNA
following the method described by Jayaraman



et al. (2024) [12]. For mRNA expression
analysis using Real-Time PCR, a reaction
mixture was carefully prepared with Takara
SyBr Green master mix and custom-designed
forward and reverse primers targeting the
PI3K/Akt gene. The thermal cycling program
began with an initial activation step at 95°C for
5 minutes, followed by 30 cycles of a two-step
process: denaturation at 95°C for 5 seconds,
followed by combined annealing and extension
for 8 seconds at the primer-specific
temperature, which ranged between 56°C and
65°C. The primers were designed for the
specific target gene expression analysis.

Molecular Docking Analysis

Molecular docking studies will be conducted
to investigate the potential interactions between
the active compounds in the Pyrogallol extract
and target proteins. The 3D protein was gained
from the Protein Data Bank (PDB). The
compounds will be chosen for docking based on
their high inhibitory potential. The chemical
structure of the compounds will be obtained
from PubChem, a chemical database.
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Molecular docking simulations were performed
using molecular docking software, such as
PyRx, employing a grid-based approach &
visualization of 2D and 3D were done by
Biovia Discover studio [13].

Statistical Analysis

Data will be expressed as the Mean + SEM
of three independent experiments, each
conducted in triplicate. Statistical analysis will
be carried out using one-way ANOVA, with
p<0.05 indicating statistical significance.

Results

The viability of lung cancer cells decreased
as the concentration of Pyrogallol (uM)
increased. A proportional reduction in cell
viability was observed with rising Pyrogallol
concentrations (Figure 1). The control revealed
denser and more closely packed cells in the
A549 cell line. Pyrogallol induced reduced cell
density and altered morphology in A549 cell
lines after 48 hours of treatment suggest that the
treatment likely inhibited induced cell death
(Figure 2).
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Figure 1. The Percentage of Lung Cancer Cell Viability (%) Decrease in Relation to Rise in Concentration of
Pyrogallol (uM)

(a) Control

(b) Pyrogallol (uM)

Figure 2. (a) Control Cell Line with Lung Cancer Cell Proliferation (b) A549 Cell Line Represents Decrease in
Proliferation of Lung Cancer Cells with Pyrogallol in 48 hours.



Amplification Plot

In this graph, the Xx-axis represents the
number of cycles in the RT-PCR process,
typically ranging from 0 to 40 cycles, while the
y-axis showed the Relative Fluorescence Units
(RFU), which measure the fluorescence
intensity emitted during PCR amplification.
This intensity correlates with the amount of
amplified product, with higher RFU values
indicating greater gene expression. A lag phase
was observed up to approximately cycle 25,
where fluorescence was low, indicating
minimal detectable DNA amplification. After

Amplification

cycle 25-30, there is an exponential increase in
fluorescence, suggesting the onset of detectable
DNA amplification. The consistent and parallel
rise of most curves suggests reproducibility
between samples. Variability in threshold cycle
(Ct) values may indicate differences in initial
concentration. The Ct values for these curves
appear to fall between cycles 28 and 35,
depending on the specific sample. Lower Ct
values indicate  higher initial DNA
concentrations. While the amplification of
Akt/PI3K increased between cycles 30 and 40,
with RFU values ranging from 400 to 480
(Figure 3).
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Figure 3. The Graph above Illustrates the Amplification Cycle of RT-PCR for Akt/PI3K.

Molecular Docking

Molecular docking, a valuable tool for
studying a protein's active site and
understanding the binding relationships
between ligands and target proteins, was used
to investigate the significant inhibitory effect of
Pyrogallol on three proteins: PI3K, Akt, and
RAPTOR. Notably, Akt showed the strongest
impact among the extracts when compared to
the standard drug reference, Ascorbic acid. The
ligand appears to fit well into the binding

pocket in all panels, potentially forming strong
stabilizing interactions. This is indicative of
favorable binding energies that could relate to
drug discovery efforts involving Pyrogallol,
targeting specific proteins for therapeutic
purposes. Comparative studies were conducted
to examine the individual chemical interactions
between these proteins and lung cancer cell
proliferation. The results revealed that the
compounds targeting Akt had the highest
docking score, almost identical to the standard
reference drug Diclofenac (Table 1) (Figure 4).



Figure 4. 3D Structure Visualized using Biovia Discovery Studio. Representation of the Docked Orientation of
Pyrogallol and their Corresponding Counterparts Highlighting Interactions that are Critical for Biological
Activity: A) PI3K, B) Aktl, and C) RAPTOR

Table 1. Molecular Docking Analysis Results using PyRx Software and 3D and 2D Structure Visualized using
Biovia Discovery Studio

Compound Targets Binding score (Kcal/mol)
Pyrogallol PI3K -8.2

Aktl -7.1

RAPTOR -7.9

Gene Expression Analysis

For Akt, Mean fold change + S.E.M was
0.4+0.05, indicating an average 0.6-fold
decrease in cancerous tissues. The results imply
that the treatment decreases Akt signaling
relative to P-catenin. Reduced Akt/B-catenin
levels could indicate inhibition of pathways
associated with cell survival and proliferation.
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PI3K expression shows a Mean fold change *
S.E.M of 0.5+0.05, signifying a 0.5-fold
decrease. RAPTOR expression presents a Mean
fold change + S.E.M of 0.95+0.01, representing
a 0.05-fold decrease on average in cancerous
tissues (p<0.05). Figures 5 illustrated a notable
decrease in the fold change of Akt, PI3K, and
RAPTOR expression in lung cancer tissue
compared to healthy controls.
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Figure 5. The bar graph represents the fold change in the expression of proteins (Akt/B-catenin ratio) between
Pyrogallol treatment at 125 uM concentration significantly compared to the control condition, as indicated by
the drop in fold change in the A549 cell line compared to healthy control. X-axis represents the fold change
serving as the baseline reference. Control indicates normal A) Akt/B-catenin B) PI3K C) RAPTOR ratio levels
without treatment (Orange). At 125 uM concentration the fold change drops significantly, indicating a marked
reduction in A) Akt/B-catenin B) PI3K C) RAPTOR ratio under treatment conditions (Blue). A label "a" over
the blue bar suggests that this difference was statistically significant (p < 0.05).



Antioxidant Activity-DPPH Activity

The antioxidant and anti-inflammatory
activity of Pyrogallol was evaluated using
Ascorbic acid and Diclofenac. The percentage
inhibition by Pyrogallol increased with higher
concentrations, with the highest inhibition
observed at 500 pg/mL. Figure 6 and Table 2
illustrates the antioxidant activity of
Pyrogallol, demonstrating a progressive
increase in inhibition percentage with rising
concentrations (ug/mL). Pyrogallol exhibited
the following Mean + SD values for inhibition
at various concentrations: 12.2 + 1.32 (100
pg/mL), 29.43 + 3.2 (200 pg/mL), 34.2 £ 1.45
(300 pg/mL), 52.32 £ 1.1 (400 pg/mL), and
63.43 £ 2 (500 pg/mL). These values were
comparable to those of the positive control,
Ascorbic acid, which showed Mean + SD

values of 22.43 + 2, 34 £ 0.98, 56 + 2.1, 63 £
1.2, and 79.54 + 2.3 for the same concentrations
(p<0.05).

The graph displays the DPPH activity
(percentage of inhibition) for Ascorbic acid and
Pyrogallol, across various concentrations
(100500 pg/mL). Both Ascorbic acid and
Pyrogallol showed an increase in percentage of
inhibition as their concentration increases,
indicating a dose-dependent antioxidant
activity. At lower concentrations (100-300
png/mL), Pyrogallol exhibits higher DPPH
activity compared to ascorbic acid. At the
highest concentration (500 pg/mL), Pyrogallol
shows significantly higher activity at 79.54%
than ascorbic acid with 63.43%. Pyrogallol
appears to be a more potent antioxidant than
Ascorbic acid at higher concentrations.
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Figure 6. This Illustrates the Percentage Inhibition of DPPH by Pyrogallol

Table 2. The Table Displays the Mean + SEM values for the Antioxidant activity of Pyrogallol Extract and a
Standard at VVarying Concentrations (100 pug/mL to 500 pg/mL).

Concentration (pg/ml) Extract (Mean £ SEM) | Standard (Mean + SEM)
100 122+1.32 22.43+2

200 29.43+3.2 34+.98

300 34.2+1.45 56+2.1

400 5232+11 63+1.2

500 63.43+2 79.54+£2.3




Anti-inflammatory Activity

The anti-inflammatory effects of Pyrogallol
at various concentrations were also expressed
as Mean + SD, with higher values reflecting
greater inhibition. Pyrogallol demonstrated
inhibition values of approximately 23 + 0.08,
36.4 + 0.08, 49.65 + 1.32, 59.65 + 1.78, and

72.43 + 3.54 (p<0.05). These inhibitory effects
were comparable to those of the standard drug
Diclofenac.  Additionally, the standard
medication Metformin showed inhibition
values of 38.43 + 1.1, 48.43 + 0.32, 59.98 + 2,
69.08 + 1.97, and 88.54 + 2.93 at the same
concentrations (Figure 7) (Table 3).
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Figure 7. The graph illustrates the anti-inflammatory activity with the percentage of inhibition of two
compounds, Diclofenac and Pyrogallol, across various concentrations (100-500 pg/mL). Both diclofenac and
Pyrogallol show an increase in the percentage of inhibition as their concentrations rise, indicating a
concentration-dependent anti-inflammatory effect. Pyrogallol exhibits substantially higher activity at 500
Hg/mL concentration with 88.54% compared to diclofenac at 72.43%. Pyrogallol exhibits higher anti-
inflammatory activity compared to diclofenac across all tested concentrations.

Table 3. The Mean + SEM values of Anti-inflammatory Activity of Pyrogallol Extract and Standard based on
Varying Concentration

Concentration (ug/ml) | Extract (Mean + SEM) | Standard (Mean + SEM)

100 23+£0.08 3843+1.1

200 36.4 +0.92 48.43 +0.32

300 49.65+ 1.32 59.98 + 2

400 59.65+1.78 69.08 £ 1.97

500 72.43 £3.54 88.54 £2.93
Discussion have demonstrated that polyphenols generally

Pyrogallol, a naturally  occurring ex_ert anti-proliferati\{e' effects on-cancer cell's,

polyphenol, has gained attention for its with Pyrogallol §peC|f|c_aI_Iy showing cytot(_)xm
significant ~ anticancer  properties. Its and. apoptogenlc actmty .across .varl.ous
mechanisms of action include inducing cell malignancies. Thejse flndlngs_ highlight
cycle arrest, promoting apoptosis, and Pyrogallol's potential to selectively target

modulating critical signaling pathways such as
PI3K/AKT, which are essential for cancer cell
survival and proliferation. Previous studies

neoplastic cells without extensively affecting
normal tissues [15,16].



Our study further supports these findings by
revealing that Pyrogallol specifically inhibits
the PIBK/AKT pathway, a major driver of
tumorigenesis. This was demonstrated through
molecular docking analyses, which indicated
strong binding affinities for Akt (-7.1 kcal/mol)
and PI3K (-8.2 kcal/mol). These interactions
suggest that Pyrogallol can effectively disrupt
the signaling cascade that promotes cancer cell
proliferation and survival. Additionally, Real-
Time PCR results confirmed a significant
reduction in the expression levels of AKT and
PI13K genes in treated A549 lung cancer cells.
This downregulation reinforces Pyrogallol's
role in targeting pathways critical to tumor
progression and emphasizes its mechanism-
based selectivity for cancer therapy. The
therapeutic efficacy of Pyrogallol was further
amplified by its potent antioxidant and anti-
inflammatory activities. Its ability to scavenge
free radicals mitigates oxidative stress, a
contributing factor to cancer progression, while
its anti-inflammatory effects help reduce the
pro-tumorigenic  microenvironment  [17].
Compared to controls such as ascorbic acid
(antioxidant) and diclofenac (anti-
inflammatory),  Pyrogallol ~ demonstrated
superior activity in both domains, especially at
higher  concentrations. These properties
position Pyrogallol not only as an anticancer
agent but also as a compound capable of
modulating the cancer microenvironment,
enhancing its therapeutic potential.

Previous research has highlighted the
benefits of incorporating nanotechnology to
overcome limitations  associated  with
Pyrogallol’s delivery. Formulations such as
Pyrogallol-capped silver nanoparticles (py-
AgNPs) and encapsulated nanocapsules (Na-
Pyr) have been shown to improve the
compound’s stability, bioavailability, and
tumor-targeting abilities. These advancements
enhance Pyrogallol's efficacy and reduce
systemic toxicity, paving the way for its
application in clinical settings. Although
nanotechnology was not explored in this study,

the promising molecular docking results
suggest that integrating such techniques could
further optimize Pyrogallol's therapeutic
impact in lung cancer [18]. In vitro cytotoxicity
assays on Ab49 lung cancer cells confirmed
that Pyrogallol exhibits dose-dependent
cytotoxic effects, significantly reducing cell
viability and altering cell morphology. These
findings align with earlier studies reporting
Pyrogallol’s selective cytotoxicity in various
cancers. The compound’s ability to induce such
effects in cancer cells, while sparing normal
tissue at lower concentrations, and its potential
as a targeted therapeutic agent. This selectivity
was particularly important in reducing the
adverse effects commonly associated with
conventional chemotherapy [19]. Limitations
of the study include Pyrogallol's anticancer
effects are demonstrated in vitro and through
molecular docking, comprehensive in vivo
studies are limited, leaving a gap in
understanding its systemic effects and long-
term  efficacy. Studies should follow
investigating the synergistic effects of
Pyrogallol with existing chemotherapeutics
may enhance its efficacy while reducing
toxicity.

Conclusion

The study strongly supports Pyrogallol's
potential as a cancer-fighting agent targeting
the AKT/PI3K pathway in lung cancer cells.
These results, corroborated by prior research
and parallel studies on similar compounds,
highlight Pyrogallol's promise in cancer
therapy. This work paves the way for a deeper
exploration of Pyrogallol's therapeutic
potential, suggesting it could play a significant
role in the development of personalized cancer
treatments. Future research should focus on
clinical trials and understanding the
mechanisms underlying its anticancer effects.
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